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® (57) Abstract: It is intended to disclose a modified glucose dehydrogenase characterized in that, in glucose dehydrogenase accom- 
panied by pyrroloquinoline quinone as a coenzyme, one or more amino acid residues are substituted by other amino acid residues 
S in the region of from the 1 86- to 206-residues in water-soluble PQQGDH originating in Acinetobacter caloaceticus or an equivalent 
2 region of another species. It is also intended to provide a gene encoding the modified glucose dehydrogenases described above, a 
£J vector containing the gene, a transformant containing the gene, and a glucose assay kit and a glucose sensor containing the modified 
© glucose dehydrogenase as described above. 
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(57) gift: enP^y >*ttB*fr*^3— ^K**»aiKfc^T. Acinetobactercalcoaceticus*** 

81SPQQGDHOS1 8 6 SSfii bf 2 O 6 8§gCD$Iii££ fcl*ftCD«l= felt *n«<Dfl)«l::fel\? 1 Sfcli-tih. 
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gdh) <dM^ S3it5^yi'='— ^©jeimsa^S-toffifflKiHi-S. 

trTSo ^3-7tt^3»7t^v'y-t' (GOD) £>6v^2*Vi^ 

6 P ^BMfck*!** (G6PDH) S:fflv>5#^{-«t ( 3^*^^^ 

7 Km ^^*-r a * — * *> * v > is?-* & r * - w * 

fc^SWtUTPQQGDHOJiSffi^aBS^-CV^S. P Q QGDHii, t°Pa 

ip-pttPQQGDHft, frf-mms 7 kD a ©v/y^/f Ksee^fco, 

a^<0^9-^BEtt1B»!:*5V^•Ci2:<Je,V^«$^^-CV^S. 0H^.tf, AM.Cleton- 
Jansenetal., J. Bacteriol. (1990) 172, 6308-6315 «:#IH 3 ftfcV \, 
ttP QQGDH^Acinetobactercalcoaceticus ©vKo^©ti^^t^©# 
fc&S:»»;**VC*5?> (Biosci. Biotech. Biochem.(l995),59(8),1548-1555) , * 

©«3i*es*a s * n-^y^^r ^iW 1 ^^^^^ 5 (MoL 

Gen. Genet.(l989),217:430-436) . A. calcoaceticus *3fe*«FttP QQGDHi*, 
#*«&5 0kDaO*^^fc5, ffiOPQQS»tttie«©-»* 
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Acinetobacter calcoaceticus S jfecDzK^tt PQQGDH© X &&ffM& 

o fc 0 (A.Oubrie et al., J. Mol. Biol., 289, 319-333(1999);A. Oubrie et al., 
5 The EMBO Journal, 18(19) 5187-5194 (1999); A. Oubrie et al. PNAS, 96(21), 
11787-11791(1999)) 0 rtlb (DmX^Xil^ *^ttPQQGDHft6o© 

QQ GDH(4«^^I^^T-fc5fc*«^S^i: t«Mgi Lft 

tfc^o x*3s^i4 N ^ n-^ttts msm&w ^&$mfcm& pqqg 

15 

:*3B9i*tt**t£ PQQGDH ^atfe^X^J fc5fc A ^3 fclfcf 

■*-«3W^ttSrl««>, WSWD«^OTtt^«lPQQGDH^ 
M^-T^ < ttJKWSftSrff * o JNj^ *8H4 PQQGD H ©«Hfe©«ttfc*5V 

25 3 - x mjkmW&& bit&\sXy/v*—x KMir 5 fib v Sr^rt" 5 E«M ^ 

h-^^^^^/^h-^m-^^^&x'oisrrvx^^o £9 
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X, Acinetobacter calcoaceticus ft**ittPQQ6DHO*l 8 6«fi^6 
<5 0 3^*5, ^wmmzte^Xte, H^f-*^*! tu-c 

i~ 0 #J £ Acinetobacter calcoaceticus EWKZ>£4*> * & *J8t£ P Q Q 
GDH^*5V^-C, Acinetobactercalcoaceticus i*7k^ttPQQGDH©H 

3 S f« - ftffift^b AT****** t ttM *r*fcUTV^ 

b^mm^X-tbtlZm^. mmm* rAcinetobacter calcoaceticus *5fe7K^ 
ttPQQGDHWll 8 6»b2 0 6«©««fclW«>«tfJ 
Sbfcl, i»l7#@tf)7^«tt TAcinetobacter calcoaceticus * 

»ttPQQGDH©n 9 2aa£tPi«©teii©r5y^ati tt^s. 

£f£U<«. ^^©gfcaESl^/V'=«— ^Bl**Bl*^ Acinetobacter 
calcoaceticus ft**»ttPQQGDH© 1 9 2fS©W 5 ^«£t> b< « 
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;v$%^ym\*, 77^vai, ^y^as, n-r^a 
ts^sr^y mw\(D 192111© ^ r 7 =• ^ y 

■eg^WT s: y^iB^'Jo 1 6 7#@ 07^^^ ^gSS^Vi-^ ^ 
-eW& £ Hr*3 9 , /5=>o l 9 2 # @ <D =• ylS^r ^ - y^S, ^ 

a& rw^sms&k* n^^aa. 7x^77-^ ±v^n&. 

*lifcK3ifI**fc:*3V^ iB2?iJ##l-e3S*nST5/S6iB?iJ0 1 6 7#@CDT^ 
/^7^«»©7 5 y^a*Xfim$ttT*3^, ^o4 5 2#l©7^ 

t?*£*l5T5 y^ia^jo i 6 7#a©77>/-?7^ytww ^ 

9 % y«M©7 $ /sas-el^^^t^ !) , ^04 5 2#@©7^7^ 
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*/vanamo r 5 / mas-earn s *vci^ simm^/v a 
fe s v y i?yas-ett £ tire v % s = 

Gly-Arg-Asn-Xaal-Xaa2-Ala-'iyr-Leu 

(5£*, Xaal, Xaa2, ttftt^T^^St'fcS, fcfcU Xaal ^ 
Gin -efcStt Xaa2 »4 Leu -er**V>) ^ #* b < « Xaal fi Ala. Gly, 
Gku Leu, Phe. Ser £fcte Asp "Cfc 9 , Xaa2 H: Ala G]yT*S>5. 

m i ra\ m«ipqqgdh^^ KTs^&assa^&ffc*-*'* 
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m 3 *&$HD&$m? Q Q G D H©ISttOSf ^7 7 1 

5 ^m<pmnm%m 

PQQG D YKDWM 
*5SWO»t ^^^m^^^—^^J^BM^^^Xi-i. Acinetobacter 
calcoaceticus &3fc7k$#|£P QQG DH«| 18 6 3S3£** bfg 2 0 6 ~B^(OW$. 

io (dt ^ ;wmmx*m.Wk&t h x\,^ 0 #*u<ri, ^o^ipqqgdhs, 
77^^as, ^y^s, ^^^^aas, ^7°b77^s, s^sy 

*fc#*U<tt, *^^flPQQGDH(i, J^OfMfelOJnfc-C, 452 
f|©7^/^^yM»7^1iit, Wn#*U< tt M^-l'Jfcfc 

20 -ce^ax-cv^s. 1 6 7#@or^^7=¥>ma»*5J;tJ ? 4 5 2#iot^ 
=7 =¥ PQQGDHias SST ©fS»*5 «k tflfr&teH-S-i- 5 - tt N *tii 
J&MfrHJ 2001-346587 *3«3:U«#H 2001-197888 fcfE*t£*V-C^5o b^U — 

25 t5rtm*v\ ^*^^<^t?tt^>ci^feS 0 L 

Gly-Arg-Asn-Xaal-Xaa2-Ala-iyr-Leu 
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XaaL Xaa2, *4ffi»0^«T 5 /■B»*T?*6, Xaal # 

Gin T?*>S # Xaa2 » Leu -CttfcV^ trfrtf. b < tt Xaal » Ala, Gly, 
Glu, Leu, Phe. Ser £fct* Asn T-fc 9. Xaa2 f* Ala £fcte Gly T?fc5 0 



25 



SfrOT P Q QGDH (PS&glfrfe 
Acinetobactercalcoaceticus &*<D»»7ki£ttP QQGDH^- K+S 

Sambrookb," Molecular Cloning,' A Laboratory Manual" ,* 2 «, 1989, Cold 
Spring Harbor Laboratory Press, New York KHB<fe&ft"Cl^ 5. 

K) »U riitlSftte WW«8Jftt5. 

PJ $ ftfc - ftflEfc SrJfctfEl - Sril^J:^ Acinetobacter calcoaceticus 3fe©7k 
gftPQQGDHCil 8 6a**bft2 0 6a*©W*IW*OW***** c 
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±&<D* o \C ^lPQQGDHmt5l«WS:fi 

5 5 0 n^^®5a'L^iU P QQGDH&^tf7k^ffiIi7>&#5 £ 

G D H 3r±£it?i£ «t> te#«B ^tsri-bttS. # 5> *L^*j§tt®^Sr s ^ 
i9 WM-T 5 n t \z. J; 19 . *3§PJl <D5«M P Q Q G D H £?»r£ 0 

10 

*^OPQQGDHij:, PQQWi^tT, 

QGDHiaS^i/3-^«lci t>Jfco-C3S5n*nSPQQ©*S:iMbaeB 
15 fe*©£^JfctcJ:!?5£**-£ it MKlilttt, 011*. PM 

S (7*tv ? y^ MM^a;— h) -DC IP (2, 6-^PP7i;-;W 

20 ?fl,=-*K*tr*mm. 

*^^WPQQGDH©^/>3-^W51^ffi^ XjC^LT, 2 -7^ 
dp->— D-^l^ = — -vlsS — ^ % 7n-^ 3 — o -^tvI'— D — tJOvrt — 

25 StBfcftg&SrSH^S r. i: 5- «£ 9 £ 5„ 

#38 OQfe^M p Q Q G D H ttSEF £.Wmm Jfctfc L-C, ^ = —a \z.%H- &m 
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9 

pqqgdh«< it i@or^ fci+#fc*-e&tf. JfeSttfcra:, *-y 

fc^fflO^Sr^tfo 5 @t^iP QQ GDHttl^ ©fit, 

&#mt-$-z>* mffifcu-rtt, &mfe &^m@frif£ffiv\ r. 

awn 5 -*- hv y?x*p\z.mx-rz>J5&. fflffitifftsm 

&5V^«teJ:»i:!»#H3eUTt>J:<, tfc^b»^Mv^fc J:v\, 
25 GDH^^-#>«@±('@^bfc^ 75y«Ht^t«UT^ 

WS&Atu PQQ^CaCi 2 , #j;tW^*-*-&fc*-e--£« 
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^mmm<D-ntvx^^z.3\mir^ 0 tut, *mm&^ 
kf£Z>mmx&z>B*¥Tmtim2 003-7176 0*^20 02-196 
1 7 7^<Dmmm&£vmmzmmcDfrm^x^mmm<n—Mt l-c^c^i 

Q^ESIB^K PQQGD HitlS^fHil 

lB^']#-§- 2 tCjj* £ tb -5 Acinetobacter calcoaceticus 6I5PQQGDH <DW& 
m&rF&tsttes &m<Dm^%fiotc 0 ^^KpGB2(1 -^^-pTr 
c9 9A (7 7/W^rM <D-*rAsf-# ci— — i^fMfcfc:. Acinetobacter 
calcoaceticus S^P QQGDH£=<- K^S^Jtfc^&^ALfcfc 
(81). f^ilHot««Ifei^f 1 9 2#g©^5^S^ 

Ki-5*a^Ba?!it-Sifeufeo £^-> i6 7#i©77/^ d fyliS^fcii4 
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Glnl92Ala 


5'- ata age aag egg gtt ace ccc -3' 


Glnl92Gly 


5'- caa ata age aag ccc gtt acg ccc ttg -3' 


Glnl92Leu 


5'-caa ata age aag cae ett acg ccc ttg-3' 


Glnl92Phe 


5'-caa ata age aag aaa gtt acg ccc ttg-3 1 


Glnl92Ser 


5'-caa ata age aag get gtt acg ccc ttg-3' 


GLnl92Asn 


5'-caa ata age aag gtt gtt acg ccc ttg-3' 


Glnl92Asp 


5'-caa ata age aag ate gtt acg ccc ttg-3' 


Glnl92Glu 


5'-caa ata age aag ttc gtt acg ccc ttg-3' 


Glnl92Lys 


5'-caa ata age aag ttt gtt acg ccc ttg-3' 


Leul93Ala 


5'- caa ata age age ctg gtt acg -3' 


Leul93Gly 


5'- gaa caa ata age acc ctg gtt acg ccc -3' 


Leul93Met 


5'-gaa caa ata age cat ctg gtt acg ccc-3 1 


Leul93Trp 


5'-gaa caa ata age ttt ctg gtt acg ccc-3' 


Leul93Lys 


5'- gaa caa ata age cca ctg gtt acg ccc-3' 


Aspl67Glu 


5'- cc tga ctg atg ttc ttt tga tga agg -3' 


Asn452Thr 


5'- c ate ttt ttg gac agt tec ggc agt at -3* 



^2 X--?^^^ KpKF 1 8 k iMM^. (tfc) ) ^ Acinetobacter 
calcoaceticus ^PQQGDH^^ Kf SaWS^-tP&^tf K P b I-Hind 

in mK&mfr&fy, -nzy-^is— h t vtc 0 zl<dt^i^- v 5 0 f m o 

1 tSU OHO WMu tan (&mmm) -Express Km^fy 
Opmo lSr^fr (20jz 1) <Dl/l O^n^-y V<r>T--VW*y"7r 

-btw-m^^, ioo°c, 3^«i-e/7^n'»^> i»c 

t3lUfe 0 ^-7°v4^— ftp KF 1 8kO*t-v^^y»ttitef±i- 

U1CT4 DNAy«\ lMl®T4 DNA^iM^ 
^£t&&Ht*"C *? * E.coli B MH 7 1-18 mutS l^ltlEtft U — 
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^ZK, r.i*»btttUUyt^^5 K&E.coli MV118 4tf»U * 

GB 2±©f4SPQQGDH^=>- Ki-S3tfirf-<0 Kpn I-Hind III Wf Jt £ A 
*b#;t. BfclS P Q Q GD HOt^^ti tto 

if^SI*fcf*3fe3EMPQQGDHSr=i— Ki~53*'&7-S:^ E. col i ffl<£>3§ 
S^--e&SpTrc99A ©-7;>f^o--yW 
MufliAU #»S*t^9^5 KSrE.coli DH5«»f^Ufc 0 rtb 
*4 5 0mlOL«* (7y^'J^5 0/ig/mh ^D7A7i^^3 
OMg/mltt) X*KP77^='^t3 7 < C-e-Sl«t^*U 1 mM 
C a C 1 2 , 5 0 0 /zMPQQSr-^tf 7 1 ©LftHMsHnKUfco 3 
R£BH -C'^y/P \?jv=f-jt1S 7^h^K 0 . 3 mMic ft 5 «t 5 U 
'*<0«1. 5B#|HMSF*L;fc. «faHR3&»e>*£>^tt (5000Xg, 10^ 4°C) 

"eas-Hc*r0JR U r©Ifr^ o . 8 5 %n a c 1 ?§$re 2 mgfe^-bfco MM bfc 

fM7l-^^-C«U it'0#gt (lOOOOXg, 15^ 4°C) T&m 
Ufc. -h«f«r«a'£?^« (160500 X g (40000r.p.m.), 9 0 £\ 

4°c) U 2K^I4iii#£#fc. ^:tL^fel»M^p B oi:b•r^T<DM^!J^v^ 

«?>J 2 T?# b tbfcI?^S*3 J; P QQGDH <DMr»li|ga a n £ * 
UMPQQ, 1 mM CaCl 2 #ftTt' 1 B#IKI£Ui# nft; Lfc D 
|187Mfo^U 3MlOStfH(6mMDCIP48)il, 600 
mMPMS 8 m 1, 10mM])yilWpH7. 0 1 6 n 1 ) *5 J:tf#* 
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mmm±(VWm^ Mfc^T, 10mM MOPS-NaOHlIS (p 
H7. 0) ^tfeV^PMS (7^$^* HM'^-M -DC IP (2, 
6-^pn7x7-;WyK7x;^) «r/BV\ DC I P©600 n mCDtyk 

<tb/c 0 r©£#. l^l-l /xmo 1 ©DC I Pri5^7n£*bS#*^tt£rl3- 
= y h t bfc Q ^fc, DCIP©pH7. O i^tfS^Vl^^M: 16. 3 m 

10 

^2 





§ Km t(inM) 


Vniax (U/mg) 




30 


129 


Glnl92Ala 


50 


123 


Glnl92Gly 


36 


94 


Leul93Ala 


177 


42 


Leul93Gly 


157 


46 


Leul93Met 


98 


176 


Leul93Trp 


25 


17 


Leul93Lys 


41 


36 



mmm4 
15 m f s.t&m'£<vmm 

tbfc.m&M& x zf&$c& p q q g d H<D*BMMmmm&> v^fr^fr umpq 

Q, ImM CaCl 2 «T-eiB#P^Jt^n^Ufc 0 ^187Mfo 
3/il©Stt^I (6mM DC IP, 6 0 0 mM PMS, lOmM 

ft^ 2 0 mMH; fcttlOOmMi^SiMUOO mM© ^V^-* * fcteftH© 
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tB*fS^T?^ Lfc 0 3-6 tC^-fo 







Glnl92Ala 


Glnl92Gly 


Leul93Ala 


Leul93Gly 




20mM 


20mM 


20mM 


20mM 


20mM 




100(%) 


100(%) 


100(%) 


100(%) 


100(%) 




45 


29 


34 


50 


39 


3-O-m- 


82 


80 


101 


66 


60 




8 


10 


12 


34 


26 


~*)V Y—7 


49 


20 


24 


39 


30 




53 


56 


40 


64 


56 




85 


138 


85 


84 


71 



MA. 







Glnl92Ala 


Glnl92G]y 


l£ul93Ala 


L£ul93Gly 


m«mm 


IOOitlM 


lOOmM 


lOOmM 


lOOmM 


lOOmM 




100(%) 


100(%) 


100(%) • 


100(%) 


100(%) 


Tu—7 


62 


41 


45 


47 


35 


3-O-m- 


92 


93 


98 


86 


59 




8 


6 


19 


25 


17 


h— 7 


51 


56 


44 


50 


46 




51 


56 


44 


50 


46 


-fen tr^-— 7s 


42 


73 


59 


59 


39 
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MA 







Leul93Mst 


Leul93TLp 


Leul93Iys 


mwwkm 


20mM 


20mM 


20inM 


20mM 




100(%) 


100(%) 


100(%) 


100(%) 


IS 3 ?* 


11 


36 


24 


43 


^-ya—7 


7 


17 


6 


8 




61 


59 


76 


48 




61 


39 


17 


31 



5 =&&m&^rrz&%m<D&&wmm&m^x, mmmttzmM^tcfa 

10 





As P 167Glu7 
Asn452Thr 


Glnl92Gly/ 
Asn452Thr 




20mM 


20mM 




100(%) 


100(%) 




2 


32 




4 


98 




2 


14 




2 


46 


7? 


12 


21 
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mm* 

MtDfflP QQGDH©»SfilWttri^fco &%®Mm& 
5 S\ 1/zMPQGL ImM C a C 1 2 fftTT- 1 IfcMfiU:* »fb U 

OD^a— ^$3it^5 /zMPQCh 1 0 raM C a C 1 2 #£ST"efi^&t£<£rffiO 
^bfc G ^fe«H16^J3^|Btt©gg}lfiH4©^fetc:JpD, DCIP©6 00n 

15 UtttPJ 2 Tit 6> *Lfc»£aUi5 £ Glnl92Asp W^UWM Z^fr^tl 1 0 mM 
y «»pH 7 . 0 -C Wffc LfcMH' ^"^m^ n-r h ^77^-ffl» 
yATSKgel CM-TOYOPEARL 6 5 OM (ly-ft^t) l£ 
Sfc*****:,, :©^7A^10mM!)VWtpH7. 0. 7 5 0ml« 
Ufc^ 0-0. 2M N a C 1 ^1 OmM!) y^fSp H 7. 0S:fflV\ 

20 SSHSrJgfcBSlirfco SfEiitt 5 m 1 /m i n Ttfr o fc B GDH^teSr^SW^ 
0HXU 1 OmM MOPS-NaOHl»S(pH7. 0 ) "C— BfeSflr Ufco 
C©j;^aTl»Wle:«MPQQGDHiafWc 0 ^btbfc 

25 
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19 



J 



1 1 



s 
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Asul67Glu/Asn452Thr 




Km 
(mM) 


kcat 
(sec 1 ) 


kcat/Km 
(mM -1 • sec -1 ) 




48 


1193 


25(100%) 


Tcz— ^ 


182 


73 


0.4(2%) 




198 


215 


1.1(4%) 




145 


89 


0.6(2%) 




55 


167 


3(12%) 


1 ^ 


147 


65 


0.4(2%) 


•fen \?st— * 


16 


226 


14(56%) 



5 =l=l y b CO GBnlS2AlaafeaEMSfi*f fc*— jK^<— ^ h 2 0 m g ^DxlTTO 

1%©^^7/I^t KSrttf 1 OmM MOPSSW (pH7. 0) ^"C 
10 3 0 Ufc^. 2 0 mM P ^SrSt? 1 0 mM MOPS 

(pH7. 0) 0^Ilt^^^7;l^t K^7"py^y^ 

bfc 0 r <Z5«ffiSr 1 0 mM MOPS ( p H 7 . 0 ) tp-CM"? 1 

f^M L felt* fe ^U— - Srffl v ^"C J^/w =i — jBWESrff o fc 0 83 

15 MP QQGDH^HSftUfcS^t^f ^rffiV^T, 0. 1 mM- 5 mMOfSH 



« m (Dzmm7km&. pqqgdh!! ^ = 5 URtt^nsv vfc «\ 

20 jktf^a-^^ffi-fe^— ©^i: UTWffl-CfcSo 
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Acinetobactercalcoaceticus S«ttPQQGDH©H 8 6»&f2 
Acinetobactercalcoaceticus ftJfcJclWfePQQGDHOl 9 2#B©*0W* 

6. trendy y y^y y Wiit^^3-^E7Mii^^-c, 
Efli#*i -«*tL5T 5 y ^ia^Jo 1 9 2#@<z>^* ? y^st 1 e 7#@ 

7. ia^ij#^-i-e*$ti5T5y^iE^i 6 7#i©7^7^yiil 
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~vas> ^viy^mm, ?^?^^%mm, *4^mm, 7x^r^y 
mm, ±v^mm, %tz.\%T*'*7^mimxwmisftx^z>. m^memm 

m?m j n-ixm£ti%T^;mmn<D i e 7#@©7^^7^«»©7 
^ ym^Mxm^nx^'o , ^o4 5 2#goT^/-?7=¥>'aS73S{&wT^y 

1 1. @a?iJ#^-lT:^$n5T^ y^mn<Dl 6 7#S©77^7=¥^S 

u*=.>'mmxwM£frx^z>. n^vim<»mmy^-*mt.mmm a 

ie?ij## i -c-^ £*i,6T 5 y^ia^Jo i 9 2#g ^^-/^ 5 yiS^fe«7 =• y 
^a*-c«m ^o4 5 2#@©7^7^ y^S^g©7 5 y ^ 
mxwrn £ nx v ^ s gfc^ ^ = — * »«^ 0 
i 3 , ib?ij#-^- i xm &ti% r ^ y ^ia?ijo i92#@© *vv* ^ ^as^7 

>-a^ tyy^I, ^fcttr^^7^^«-e*m^tuT*3'9. ^4 5 2 
# g ©77^7^7»&©7 ^ y mmmxw&ztix^ ^ m^m i 2 mm 

1 4 . mm^-i xm^izr ^ /mmm<D 1 9 2#b©;?>^ ^ ^aa^r 
7=^yii, y*yv^ax, ^vi^5^max. o-fyv^ 7x^77- 
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Acinetobactercalcoaceticus **7jc^ttP QQGDH<D 1 9 3SI^^>y 

Gly-Arg-Asn-Xaal-Xaa2-Ala-'iyr-Leu 

(5*^ Xaal, Xaa2, ftfft©^T^«tfo5, fcf£U Xaal ^ 
Gin -efc 5 £ # Xaa2 « Leu T?fi* V ^ 

1 9. Xaal^Ala, Gly, Glu, Leu. Phe, Ser Asp T'fe «9 „■ Xaa2 # 
Ala Gly t?$> £ , f»#® 1 8 f5*^«^Vl^~*«*gm, 

20. jwwi-i QtD^nMz.um^^mv/^-^^^^^- 

2 1 . 2 0 ^IB^^at^- 1 ?- tra * - D 

2 2 . ft*^ 2 0 ^IB*^*^?- *^t3M9.Wfe&o 

2 3. ff*^2 0 {3«Ol^^^^^^*^" CV ' :5 ^ »*^2 2 
2 4 . mm 1-19 ov^^*^cfB«©*«S^=-^JifeK*BI^Sr^«> 
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Kpnl H}ndm K { Hjndm 

1 \> ^ 

SJKh j | 2.2Kb 



pGB2 \^ #P KF18k 



Kpnl Hind III 
1.1Kb 



Kpnl Hind 

.(_) 

\ / pKF18k 

Kpnl Hind 111 



f/ndlll 



3.3Kb 

JKpnl Hindm pKF18k+ pGB2(Kpnl»H/ndl») 



\ 



KpnlHindW 
3.3Kb I 



pKF18k+pGB2{Kpnl-H/ncflll) 
\ Kpnl W/nd III 

Y *" 

T Kpnl Hind III 



^^^PQQGDH 



H2 
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Sequence Listing 

<110> Sode, Koji 

<120> Glucose Dehydrogenase 

<130> psd9010WO 

<150> JP 2003-71760 

<151> 2003-03-17 

<150> JP 2002-196177 

<151> 2002-07-04 

<160> 19 

<210> 1 

<211> 454 

<212> PRT 

<213> Acinetobacter. calcoaceticus 
<400> 1 

Asp Val Pro Leu Thr Pro Ser Gin Phe Ala Lys Ala Lys Ser Glu Asn 

1 5 10 15 

Phe Asp Lys Lys Val lie Leu Ser Asn Leu Asn Lys Pro His Ala Leu 

20 25 30 

Leu Trp Gly Pro Asp Asn Gin He Trp Leu Thr Glu Arg Ala Thr Gly 

35 40 45 

Lys He Leu Arg Val Asn Pro Glu Ser Gly Ser Val Lys Thr Val Phe 

50 55 60 

Gin Val Pro Glu He Val Asn Asp Ala Asp Gly Gin Asn Gly Leu Leu 
65 70 75 80 

Gly Phe Ala Phe His Pro Asp Phe Lys Asn Asn Pro Tyr lie Tyr He 

85 90 95 

Ser Gly Thr Phe Lys Asn Pro Lys Ser Thr Asp Lys Glu Leu Pro Asn 

100 105 110 

Gin Thr lie He Arg Arg Tyr Thr Tyr Asn Lys Ser Thr Asp Thr Leu 
115 120 125 
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Glu Lys Pro Val Asp Leu Leu Ala Gly Leu Pro Ser Ser Lys Asp His 

130 135 140 

Gin Ser Gly Arg Leu Val lie Gly Pro Asp Gin Lys lie Tyr Tyr Thr 
145 150 155 160 

He Gly Asp Gin Gly Arg Asn Gin Leu Ala Tyr Leu Phe Leu Pro Asn 

165 170 I 75 

Gin Ala Gin His Thr Pro Thr Gin Gin Glu Leu Asn Gly Lys Asp Tyr 

180 185 190 

His Thr Tyr Met Gly Lys Val Leu Arg Leu Asn Leu Asp Gly Ser He 

19 5 200 205 

Pro Lys Asp Asn Pro Ser Phe Asn Gly Val Val Ser His lie Tyr Thr 

2io 215 220 

Leu Gly His Arg Asn Pro Gin Gly Leu Ala Phe Thr Pro Asn Gly Lys 
225 230 235 240 

Leu Leu Gin Ser Glu Gin Gly Pro Asn Ser Asp Asp Glu lie Asn Leu 

245 250 255 

lie Val Lys Gly Gly Asn Tyr Gly Trp Pro Asn Val Ala Gly Tyr Lys 

260 265 270 

Asp Asp Ser Gly Tyr Ala Tyr Ala Asn Tyr Ser Ala Ala Ala Asn Lys 

275 280 285 

Ser lie Lys Asp Leu Ala Gin Asn Gly Val Lys Val Ala Ala Gly Val 

290 295 300 

Pro Val Thr Lys Glu Ser Glu Trp Thr Gly Lys Asn Phe Val Pro Pro 
305 310 315 320 

Leu Lys Thr Leu Tyr Thr Val Gin Asp Thr Tyr Asn Tyr Asn Asp Pro 

325 330 335 

Thr Cys Gly Glu Met Thr Tyr He Cys Trp Pro Thr Val Ala Pro Ser 

340 345 350 

Ser Ala Tyr Val Tyr Lys Gly Gly Lys Lys Ala He Thr Gly Trp Glu 

355 360 365 

Asn Thr Leu Leu Val Pro Ser Leu Lys Arg Gly Val lie Phe Arg He 
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370 375 380 

Lys Leu Asp Pro Thr Tyr Ser Thr Thr Tyr Asp Asp Ala Val Pro Met 
385 390 395 400 

Phe Lys Ser Asn Asn Arg Tyr Arg Asp Val lie Ala Ser Pro Asp Gly 

405 410 415 

Asn Val Leu Tyr Val Leu Thr Asp Thr Ala Gly Asn Val Gin Lys Asp 

420 425 430 

Asp Gly Ser Val Thr Asn Thr Leu Glu Asn Pro Gly Ser Leu He Lys 

435 440 445 

Phe Thr Tyr Lys Ala Lys 

450 
<210> 2 
<211> 1612 
<212> DNA 

<213> Acinetobacter calcoaceticus 
<400> 2 

agctactttt atgcaacaga gcctttcaga aatttagatt ttaatagatt cgttattcat 60 
cataatacaa atcatataga gaactcgtac aaacccttta ttagaggttt aaaaattctc 120 
ggaaaatttt gacaatttat aaggtggaca catgaataaa catttattgg ctaaaattgc 180 
tttattaagc gctgttcagc tagttacact ctcagcattt gctgatgttc ctctaactcc 240 
atctcaattt gctaaagcga aatcagagaa ctttgacaag aaagttattc tatctaatct 300 
aaataagccg catgctttgt tatggggacc agataatcaa atttggttaa ctgagcgagc 360 
aacaggtaag attctaagag ttaatccaga gtcgggtagt gtaaaaacag tttttcaggt 420 
accagagatt gtcaatgatg ctgatgggca gaatggttta ttaggttttg ccttccatcc 480 
tgattttaaa aataatcctt atatctatat ttcaggtaca tttaaaaatc cgaaatctac 540 
agataaagaa ttaccgaacc aaacgattat tcgtcgttat acctataata aatcaacaga 600 
tacgctcgag aagccagtcg atttattagc aggattacct tcatcaaaag accatcagtc 660 
aggtcgtctt gtcattgggc cagatcaaaa gatttattat acgattggtg accaagggcg 720 
taaccagctt gcttatttgt tcttgccaaa tcaagcacaa catacgccaa ctcaacaaga 780 
actgaatggt aaagactatc acacctatat gggtaaagta ctacgcttaa atcttgatgg 840 
aagtattcca aaggataatc caagttttaa cggggtggtt agccatattt atacacttgg 900 
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acatcgtaat ccgcagggct tagcattcac tccaaatggt aaattattgc agtctgaaca 960 
aggcccaaac tctgacgatg aaattaacct cattgtcaaa ggtggcaatt atggttggcc 1020 
gaatgtagca ggttataaag atgatagtgg ctatgcttat gcaaattatt cagcagcagc 1080 
caataagtca attaaggatt tagctcaaaa tggagtaaaa gtagccgcag gggtccctgt 1140 
gacgaaagaa tctgaatgga ctggtaaaaa ctttgtccca ccattaaaaa ctttatatac 1200 
cgttcaagat acctacaact ataacgatcc aacttgtgga gagatgacct acatttgctg 1260 
gccaacagtt gcaccgtcat ctgcctatgt ctataagggc ggtaaaaaag caattactgg 1320 
ttgggaaaat acattattgg ttccatcttt aaaacgtggt gtcattttcc gtattaagtt 1380 
agatccaact tatagcacta cttatgatga cgctgtaccg atgtttaaga gcaacaaccg 1440 
ttatcgtgat gtgattgcaa gtccagatgg gaatgtctta tatgtattaa ctgatactgc 1500 
cggaaatgtc caaaaagatg atggctcagt aacaaataca ttagaaaacc caggatctct 1560 
cattaagttc acctataagg ctaagtaata cagtcgcatt aaaaaaccga tc 1612 
<210> 3 
<211> 8 
<212> PRT 

<213> Acinetobacter calcoaceticus 

<220> 

<222> 4 

<223> Xaa is any amino acid residue 
<222> 5 

<223> Xaa is any amino acid residue 
<400> 3 

Gly Arg Asn Xaa Xaa Ala Tyr Leu 
<210> 4 
<211> 22 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 4 

ataagcaagc gggttacgc cc 22 
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<210> 5 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 5 

caaataagca agcccgttac gcccttg 27 
<210> 6 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 6 

caaataagca gcctggttac g 21 
<210> 7 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 7 

gaacaaataa gcaccctggt tacgccc 27 
<210> 8 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 8 
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cctgactgat gttcttttga tgaagg 26 
<210> 9 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 9 

catctttttg gacagttccg gcagtat 27 
<210> 10 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 10 

caaataagca agcaggttac gcccttg 27 
<210> 11 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 11 

caaataagca agaaagttac gcccttg 27 
<210> 12 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for. point mutation 
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<400> 12 

caaataagca aggctgttac gcccttg 27 
<210> 13 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 13 

caaataagca aggttgttac gcccttg 27 
<210> 14 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 14 

caaataagca agatcgttac gcccttg 27 
<210> 15 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 15 • 

caaataagca agttcgttac gcccttg 27 
<210> 16 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 
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<223> primer for point mutation 
<400> 16 

caaataagca agtttgttac gcccttg 27 
<210> 17 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 17 

gaacaaataa gccatctggt tacgccc 27 
<210> 18 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 18 

gaacaaataa gctttctggt tacgccc 27 
<210> 19 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> primer for point mutation 
<400> 19 

gaacaaataa gcccactggt tacgccc 27 
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TI Glucose dehydrogenase obtained by modifying water-soluble Acinetobacter 
calcoaceticus-originated glucose dehydrogenase, useful in kits and sensors 
for blood glucose in diagnosis, managing and therapy of diabetes. 

DC B04 D16 

IN SODE, K 

PA (SODE-I) SODE K 

CYC 105 

PI WO 2004005499 Al 20040115 (200410) * JA 49 C12N009-04 <-- 

RW: AT BE BG CH CY CZ DE DK EA EE ES FI FR GB GH GM GR HU IE IT KE LS 
LU MC MW MZ NL OA PT RO SD SE SI SK SL SZ TR TZ UG ZM ZW 
W: AE AG AL AM AT AU AZ BA BB BG BR BY BZ CA CH CN CO CR CU CZ DE 

DK 

DM DZ EC EE ES FI GB GD GE GH GM HR HU ID IL IN IS JP KE KG KP KR 
KZ LC LK LR LS LT LU LV MA MD MG MK MN MW MX MZ NI NO NZ OM PG 

PH 

PL PT RO RU SC SD SE SG SK SL SY TJ TM TN TR TT TZ UA UG US UZ VC 
VN YU ZA ZM ZW 
ADT WO 2004005499 Al WO 2003-JP8418 20030702 
PRAI JP 2003-71760 20030317; JP 2002-196177 20020704 

IC ICM C12N009-04 

ICS C12N001-15; C12N001-19; C12N001-21; C12N005-10; C12N015-53; 
C12Q001-32 
AB WO2004005499 A UPAB: 20040210 

NOVELTY - A modified glucose dehydrogenase is obtained by substituting 
some amino acid residues in the water-soluble natural glucose 
dehydrogenase relating to glucose dehydrogenase accompanied by 
pyrroloquinoline-quinone as a coenzyme (PQQGDH) , and having higher 
selectivity than the parent. 

DETAILED DESCRIPTION - INDEPENDENT CLAIMS are also included for: 

(1) a similarly modified glucose dehydrogenase characterized in that 
some amino acid residues in the region from positions 186-206, or the 
glutamine residue at position 192, in the water-soluble natural glucose 
dehydrogenase relating to PQQGDH originating in Acinetobacter 
calcoaceticus or an equivalent region of another species is substituted by 
other amino acid residues; 

(2) another modified glucose dehydrogenase characterized in that the 
glutamine residue at position 192 or/and aspartic acid residues at 
positions 167 or/and 452 in an amino acid sequence of (I) with 454 amino 
acids relating to the water- soluble natural glucose dehydrogenase is 
simultaneously replaced by other amino acid residues; 

(3) yet another modified glucose dehydrogenase characterized in that 
the leucine residue at position 193 in the water-soluble natural glucose 
dehydrogenase relating to PQQGDH originating in Acinetobacter 
calcoaceticus or an equivalent region of another species, or in an amino 
acid sequence of (i) relating to the water-soluble natural glucose 
dehydrogenase, is substituted by other amino acid residues; 

(4) a modified glucose dehydrogenase containing a sequence defined in 
the specification relating to the water-soluble natural glucose 
dehydrogenase; 

(5) a gene encoding any of the modified glucose dehydrogenases; 

(6) a vector containing any of the genes; 

(7) a transformant containing the gene; 

(8) a kit for assaying glucose containing the modified glucose 
dehydrogenase; and 

(9) a glucose sensor containing the modified glucose dehydrogenase. 
USE - The enzyme, its encoded gene, vector and transformant are 

useful in kits and sensors for blood glucose in diagnosis, monitoring, 

management and therapy of diabetes. 

ADVANTAGE - Such enzyme is modified from -soluble Acinetobacter 

calcoaceticus-originated PQQGDH, which has high selectivity in the 

quantitation glucose. 

Dwg.0/3 
FS CPI 
FA AB; DCN 
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